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airfare a ^a*hsssp*> 6m*sn47to y«^* 
Wfesiiffliwft^Kij: ixmnmttm &*tiz>r±a y 

*iiti>sc t&frWifrz A/D^^ig. 

^ -fe h momiE* n km ct? f >> e ± *isss <t -r •sit* 

3? 1 KtBSUDA/DlgS&Sg. 
lgmffig|S£ Specie*. 

7-t?b mmmms£At> t m&y 4 >mmww£xt> t 

W»n& t =&B?ie A / D^gPT^S! Ltc A / D ^&fil 

JETsci%#ai-r5i9«3ii{ciai8©A/D^« 
s. 

[flt$g|4] mriar^a^A^Iel8SS15«. TtP^A 

miiaffliEgP«. Butar^a^A^iigsse-c^jo^^/cr 
^n^A^lKH(C|t.or^7-b^ F©iy^>fiii«rffl 
JE-rSJ; 5«CGfcC 4*»«i-T4lll*3B 1 (CIB*K©A 

xm&<Dt&.ffi&tiiZlT 5ftRtfcfflg|5£. 3£(C<®;i/cC 
££1M&?$3ll^3Xtt4tC£tt«>A/DXiAX 

So 
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©A./D^3fteiffir8Br^n ^A*©A/D^ftffli<D 

bx\,>z>ct*mtirtzm%&&*. $z>tcm*.ttct 

[|Si»©miBfci&9» 

[0 00 1] 

[&W©Jg-r£8ffi#ff] A/D£&lgg{C 

10 ^&TSA/D^&gg{CMf.5„ 
[0 00 2] 

AJCtO^tSyq^V^^m-? (Proqra 
mmableController : fe(T\ PC ifftf-S) 

20 [000 3]Wi(t 1*0PC©A/D^ 

*so> c©A/D^gg5om *y'-t? ysmm 
y.-i v ?5 5.5^6 o^m^xty 

[0004] @6(CtoWiA/D^fei^5 OB, ffigfc 

©r ^ a 'JXftifiVt *)WiZ.ajf&rj;Tj'a>/-?)i,*-7is? 
t5i, T^ny-^u^u*-?- 5 i tcA^snsa^ 

©n^ + >*-;l' (CH l~CHn) #>6ES3T:J-pyA 

30 vx*y-t y hwJ£x.izyj>nK*A*>-rz>*y-k ? 

«ia-r*T^ayA*[5IffigP5 4. TTUitKfiW&U 
5 4frh<»T1-U>fmt)*:A/T)m&VX7 : i>Z)l>mn 

«c^-r-5A/D3>/^-if5 6. *y-bv vwmmx 

-i-j^b 8Xtt^^ >ISSfflX-< 0©ON/OF 

iOt7tayA*Mfyf;Hilic^fSv^i/c 

• 3>f^-^rgp (JWT« v-C3>gi5iBgft;-r^) 6 
2. Tt-ay-v;l/^7"U^lJ-5 1 <DTi-U<fKt)<J>WK> 
40 ^$fJiBI?rtf 5$tJ®^)^3P6 4 Kt'xmmZinXI.**,, 
[0005]fU. C©A/D^gg5 OfCcfcO A 

mwtestixwc. 

[0 006] C©Se*©A/D^jft«a5 0«. 
ASE %hltf *y*>v\-/V4 >m£EA^j3S-^ 5 3 *> 
.t>\t>£tlZ>B:&<D*y i2 -j YnE.*>y ■{ yWS.%WW 

&#P>&**>*;i'^A#l/-t. hPBIffl^^ 

50 ->'^5 8X{*y-r>ia^^-r-y^6 0«rON/'OFF 
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(0 00 7] 

©A/D£&ggttt&»£;*ft-Cl,>*#, «T«ca-<-5.«t 
[0 00 8] -r&*>£. lSI9:5£3tlft:*7-bf h/y 

crXS«:^3tiri»-6ft:Jf), A/D^&$gg5 0©S& 

Max vy?Z>t^y^8f,-&iA3b->tc. 
[0009] Jfc. T^-a^A^@ffi3P5 4CDT^P^ 

[ 0 0 1 0 ] 3 ifgg&fc^rtt^ A/D^&gg 

^a*i&^*>5*^is^s^. s:bui>A2j^+>* 

cooii] *mm*. frfrzmif&ffi^rz^me; 
tcmfrxteztitcbox. r^-P^A^IslKSPtciiS^ 

[0012] T-rntr\t)Wfi& : m>mw$>*:mi 

[00 13] A/D^*s®iEK:tffctir^-5*> 

&mmzmz> c i £sr 3 ommt -r 

[0 0 14] 

sc. c©%?gk:^iA/D^>^gK:s>or«. mmx 

jj&imux*y*v vmwm&*.mL-$ 

f^fa-^Cc^-r-SA/D^gPi, m&Ti-ai/-?)], 
^vzvvxftW&mmiktf^xr-t-uyKftt 

i. mfcffl®®t&&< l cJ:r>xmmm<i£Wt.')&£ti2>Ti- 
n?AZ)t*y*>y hfflSmmiii*mrf2A/D^SP 
-c** L /c A / D tt* -5£®8§ c: £ tc Mi? u r * 7 
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[0 0 15] CtWCcfctltf. M»A^.*S»L/fc*7 4z 

r*- a wn,? yu itvoKhm ^^.wm^wmm 
$nxn->xTi~aif*jit*7-kv hm&mmEEXftt 
^m^^xri-uifK^mt&^mtsv. zon-u 

^A*@8Sa5*> h ft?} 3 ft * T ^ a yft^fc A/ DgSft 

A/ DSI&SPKmaittttHK 9 &A,X A/D^fc Lfc A / 

SfUTffliEr-SiOfC^-^. t©fc«>. MttA^J^StS 

y o y^ A £/B (, c £ * < US&ti tmtc J: -S * y -fe ? 

^{t^ig^^b«ci5S3tiK(,»i«»,>A/D^»!»aE*?f 

[0016] off<Dft9JCCff& A/D^gKAot 
». BuST^oi/^^T'u^-^tcA^jsnsr^ny 

■fey hfflS^flE£T^n^A^j£©^Jt)lft^.*tf'5ej 

basset* . ta i s&mw&s&x Mfa^gpcD^j 0 

[0 0 1 7 ] ctii€J:m£, Ti-ai/'^jV^-y'Ui'Vic 
*i->*;Uc:<h(c;i-7-fe* hfflS!im£E£r^nyA^ 

[0018] ofOlliK^A/D^gKftot 

a y viu ^ y u f -9-©A^^)0 ^^$fj®*?f ,T7ta 
yA^<t^-7-fey hffl»»®E£y-i'>fflSISI«]I£* 

^ww^ascojA*. H?fBffliESi5«, B5ie*)j{ai^aj(cj; 

-5r^X8^cBXi3jAS*a-ST^ayA^Ji^7-fe^ hffl 

s*?mn <!: y w >mmmmBEt a / d ge&su-c^ 
^ufcA/D^fii^-^jwcritciggf Lx*y* v 

h fit £ y -<>ff£ffliIE-!r£ J; y (C C/c *>©-C*-£». 

[0 0 1 9 ] CtttCiJ-tfi. 3£{cy^>fflg*fi1iEE£ 

^^-s y >fflSJS®ig|j*m, r ^ p y vji,^ :/ 
ix^-^«:A^;3^5r^nyA^£^7fey hffl»ts 
EE£ y -f >«®^mH<i:**ijCTiw^BPfC j: 5 ^S<>«C^ 
O^^r. A/D^aJrSafeL/fcA/D^ffiCcS^J 
^■C-^flSCiKr^^-fe^ HB£y-<>ffi<!:*iig»f$ 



[0 02 0] o^©^(C^SA/D^SiatC*-5-C 

it. m&Ti-u?AZ)®mmz> ri-u>?xt)®m*® 
K>&*.B}m£uxt%tami-<mtL> nmmiEmt. m 

fotxfytv ymtzmjE-rzbvxih 

[0 02 1 ] CftKJ:fttf, Ti-Uif}J}mm<OTl~ 

[002 2] -5^©^{c^5A/D^fis^g(C*or 
«. rorisy'fVfflSiSimjE^A/D^gSsiBiBoiBT^a 
VXtKD a / d £&fii <t © Jt^mcc*-^!, > T«g©& 

[002 3] tftttiftw:. A/D^gS#jEL<m>ft 

x^zfr&froim&miz, tum&mmc <t w-om 

[0 02 4 ] OjfO^Kft5A/D^ggtC*,T 

i9iaiftK*iffla5-cS(rfay-Y>ffls^jE©A/D^ 

<h tiTIBT ± P VAtXDA / D ©J£$&fs§Ui#s 
i^©fit£«5B£ifi;l/ci#£K:. Sg^teraLTtr^C 

[0025] cntc^ni^ te^tuajccfcoy-offl 

S*PHJE©A/D^8!ffi<b Ti- n fA^© A/D^&fii 
£ (Dim L fci**iM©ffSiB4S^. T I, > S 

-c*-r<u-^^«c>Ftbrsa<DAS?isi^6-a--5. cote 

[0026] 

mwomt&mm) &tf. co^fc^^A/og!^ 
[0027] ($m<o&& i) mi Kit. ^rnomm i 

£ft. @2K(J, ^©ffJ&UJt&S*:?-*? US. y 
ft-C<,>S. C<DHSS<D»fl§ 1 (CfliSA/Dgr&SSg i o 



C4) ; ,r <8BS¥1 0-34 1 1 5 8 

Cit¥i?£x&& pc-cpu$sa28 ff^jtrjaa 

[002 8] C©A/D£&S£H 1 0 it. m&<DTi-U 

^Uftl2, Tl~utt-?>\,3-y-\si>y-l 2(CA#i* 
ftaifflK©* + (CHl-CHn) tPt>l3:ZT1' 

htifcTi- u ^«^SIMlt47t a ^A 
10 ^JlIJS^l 4. T^D^A^Sgggfl 1 4#>6to*7;*ft.5 
r i- a y *V * n-ft^tc^ftT SA/d i 
(/•COA/DaX-^ie, A/D3X-Jil6t? 

A/ D^&tti T^*C1 ifKt)<OA/D mm t ©Jt8J*£ 
S{CS^TA/D^&§$H©fti^ffl*tT5#&fctH 

SPiO^) 1 8*{g^-Ct,>6. 
20 [0 0 2 9] 3 -7-<3>g|51 8{C*Jt,irgar-S 

JEiW^T^pyA^J^l 3*>6A*5ft-&r^-ay 

A^o-eft-eftOA/D^ii^tb^o. -eoib^m 

rs^TSii*n#S£UT©T^-A i 9. mm At)* 

tmux*7-tv hmsMwi. (ov) 

izv hmmmmK^2o. yj^wmmmLmizzftg. 

^mmw&Bg&z 2*mx.x\,>2>. c©y-<> 
mmmmE.sn2 2tc«. cctu, astttwt. 

30 ^©^^©aJ/BoeftTl^S,, 

[0030]*fc A/D^I1 0«. BUSST^-D 
yvjl/^l^lM 2©A^0^*-7-/3>gpi 8 

©V? h±-c*jaiL-rm^ -jmnztuiTi-attA 

&tffflW®&& 2 4 ri »s . c ©*OiaJWJftSP 2 4 
-CT^a^A^<by-<>fflSmS)E<!:*7-b^ hJBIiEE 

<b*mDjitfrapg«. ^tp-cseMt*s*or*>-e©ia 

[003 1 ] o^tc. 01 Jfe^bia3«rffll>rv7 K± 
[0 0 3 2 ] la l©7^Di'7)lf^l/?t 1 2Kt7 

•fe-^ hfflss»mffgp2 o*e»A*?ft-5.-t7H2^ \-rnm 
mmizt. y^>mmmmEESH2 2*>6A^3ft-sy^ 

>^SmmJE«. -€-ft-eftT^nyA7JlaifSS51 4^ig 
fiLT, A/Dn^^^-i' 1 6rA/D^&3ftS. 0 
50 2«> A/Da>^*-iSr 1 6KlA^3ft-5A^m)E 
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* g moxm&z* i cc-rs. 

[0035] mil *7-fe 9 F^»l£Eai2 0 B. 

mi>W I C£flK>-Ct>Sifc«>. T^-n^A^ilSI— 
(DigK^ii-^rt^i^en. 7toyA*©A/D 

^ffl<!:|g«|{C0VA^©A/'D3>^-$ 1 6©^& 

io [0036] *ct, tv-k-j t-mmmnB.-e$>z>ov 

A*©A/D3>A-^i i 6<D33£«I£a<tU Ii»fcH 

JEit*) . 7tn^SffCDA/D3>^-j(l 6 
<D^&ffi*X ^ ( 1 ) «:£«:> S>J«fl!Y£gt 

[0037] 

*J5£ffiY =G- (X-a) - • • (1) 

[0038] C© ( 1 ) S*ffll>t, A/D CC^^-br^HaSi. y^>iiS§*tf 5 C i^r**. 

i eco^ffla^xnwfcMff^-^ci^cto, iaa^ 20 [0042] ^^>mmmmsm2 2<oy-(>m 

{ttC*&*y-bi> hmM*MIETZCtt>s?ZZ. Tft SigmBE*A/D3>^--$l 6 fA/D^&U/dil 

*>*>. hfflS*S)E-c*sov*iA*3n-ci» . at. laiu^icy? h±©*«Jffl)*fT5 t £«C«fc->T 

SJ^fitW^K^^^HBOi-r^. -7-/3>g» 1 8«CBX9i&£fC£a51>JfE<ttt»5. r^tay 

[0 03 9] Ctl4faa^{b«:<fc5A/D3>^--dr© A^<t^Ccy^>ffi^inS-Jf itCj: 0. A/D 

hffi©0VA73<DS^fb#&l><b#© ^fctaci*i-C#4„ 
i&SGlOA/D^^-^&ii^aiU Si^^ft [0 04 3] 3 C©ftPitfcffltS&(C*il,>T . v-f 

©^S*SWc<!:#©iSSG2©A/D=i>^-df©g: =OSBl 8-Cti. ^-{>fflif SEiA/D^Sbfcfi 

SSG10A/Dp>^-$16©^MXit. iS 30 {b. Ii*?^b£^«>-C . 3r£©fSgHffl£jS;t;fca>5*> 
S^ibO^S^WfcitCD^HGZCDA/D^W^- §V7 F_h-C*J»rU ia*.Tl,>-5*§£«:T-7-Afi-^£ 

[0040]CCt?, J^lfci^KvyHTOy-f *{CA/D^8s&g 1 0#&^t-T<,>£C i^ta^tf* 

>g«> fi&^{b©i?$£§wttt,> msommvm* ct&x?zz>. 

ft^{bL&l>) *><D£ L/T. a£a" {CME-T^e £{C [004 4] W^fci^K, C ©!S5fc<Dfi5S8 1 CC «fc 

.tO. X&X" icmiETZCtifiVZZtclt). SUSfiiY fttf. SS^tt^W^W^ffiffi&giSa^T^a^A^lel 

7 h±^ffl^£c<b£J:9Sg^{b©IJg£gW&<,> [0 04 5] fifcfc©J:5(c. &S&%±tfB$Cc*$ 

si o titer r-zm&m^e mvfrzttbtc. ri-utfK-hm&tmri-'ai'xti 

&*TCPC • CPUSIB2 8(giJ^jM^n^„ !6B&t;09&*TJ#i|ii^*^*/c<bLT*>. V7 h_tr 

[004 1]«tte, C(DHiS©^S§l -C«. TtD^A SSfclfttC * 7 -te ? MBHiy-r VHaSS^irS t<t#s-C* 

I»l»b/c#. T^ayA73t5B£tyD&;i5$tLT. 7 £„ 

^O^A*@88g|51 4-C(Dtfi!iI^*DJ3:i-r-5.J:^(Cb [0046] £6tC. y-f >JBSig®EECDA/D^SHii 

rfc<i:<,>„ CCDJ:-5(C. 7^ai/A^@SSSPl 4^?©l# <tr^-a yA^©A/D£&<B££JiIE^Jt$&-r£t: 

ifl^^pJ^iGrfeJIJficD^SSl-Cti. _L&l,fcJ:*>{C iKiO. A/D^Z)iiEL<tf*Dn'CC»-6A>§^<D& 



[0 0 3 3] Sfc. T^ayA^^l 3*>hAjj2ti 
ZTi~uVKh\*. |ii«©*I&?Ml-CA/D^&;*ft. 
W3>8G1 8±{CHK9&*ft. ±3b/c:t7-k* hfil 

[0 0 3 4] C©A/D=i>^-* 1 6-0^3*1*^- 
KBa*jJ:^y^>«Sb«. »KSHb^(cJ:oT 
mt?Z. C<Dtc#>. v^3>gRl 8{C*j(,»rtt. 02 

^-7-fe5- HBa^OtC. y-T>fflb* 1 0 0 otc^e-r 
■5<fc5(cU ^7-fe > hfifafc^^y-rXiibO^Ifti 

^emK**i ooofc^&sns. -et-r. rtayx 



[oo4 7] (mm<omm2) o^cc, c^^onjg 

[00481 I4W ^56CD^fiS2tC^^A/D^gS 
S5S3 OOft^t^P y ^ ws^ntc^. CCD 
mm<DBi&2<DA/Dg&&S:3 0 fcT^n^A^SrlR 
Q&AsXA/DmkLtcrisZfrmZPC • CPUgg 
2 8®l^Z2>tcit><Db<DX&2>. 

[0 04 9] C(DHS6(D^SI2«:^A/D^^g3 

v vmnmms^2 otmx. >mmmn&8H2 2 

3WRW6tiTC>&^r*4. C<Dtc#>. 04CC^3*l 
SH*S<D»aB2 <DfMflP«J&aS2 4 T ^ n d^t/^ ^ 
U^l^l 2 ©A*#J Wn>Sffl 8<DVy h± 

[0050] offic, ll«<3MK»2©«M^CC'OCirtt9! 

WWEU2 0iPhTi~v>/-?)\,*-?l>>?y~ 1 2&CA273 
ft. T^P^A^HffigPl 4£jg&l,T, A/D3>a* 
1 6CCTA/D^&£ft v 8WCCK^ 

±*ci*D&*ft£. 

[0 05 1 ] ±&L/c^:7^ hlirtn^AAOg 

v^^-^u^ifi 2%^io»^4oai-ric<!:{c<fc«5v>r 
y7 h±ccrr^n^A^6^^*fe^ hffi£^ 

mmzm^xyy ntrtoyA**A/D^» 

PC • CPU3£B2 8ffKi£6>ft£ 0 
[0 05 2] «±BMBbfc«fc 5 fc, Htt<D)fttt2 rtt, 

*Ji*yyv±LXffijE!m-?hzti t c&*). msmuc 
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[0053] fcfc. HJ6CDJ&8B2 CD^fcHJS<D^» 1 
4I^«CC % *y-te* hfflSig^EE<DK0^« v 

[0054] (^<Dff283) o^K, C(D^(DHJfe 

o^fiS3*05tcS^c^r^-r^ o ccr, mr&tft: 

10 ^&6<zm« i t m-m u < izm^comfssfiftic^x a 

[OO5 5]05(C« V 3^<D^83K&£A/D^& 
^S4p<D^?r^-r^n^^0^$nrc^ o CCD 
*J6<D^830A/D^^g4 OfcT^n^A^HX 
O&^A/D^Ofcf^^Mfi^PC • CPUSS 
2 8W^^.^/c^0[)*>(DT?*^ o 

[0 05 6] CCDHJfi<D^®3(C^A/D^jft^g4 

20 tj&tmrzctttc^Qfy-tey hmmmmK%m£2 

Q&Z.Zty&ffitLXCDT+'UtfXj 2&Wtf*> 

nrc^. «ai«aftBS2 4», rtayx>f^f42^ 

m*mmmtcmiELm-?<t:5icLx^z> 0 
[0057] r&*>*>. mm<DBi&2 tvmwz. mta 

30 mnK&AJjox{,>z&x$>2> 0 

[0 058] o^f(C, *5fiCD0 4 «3CDttfptC-PC^T3i93 
T£o C(D^O^S3tc^^S*^stif^k:oc^r 

1 6tA/D^?nt7>f rj>S|U 8(CKt)iA^ 
[0 0 5 9] f bt, v^n>gqi8-C«, SS^ft^ 

40 *saiaLr£«+»&iffl»cr<tccWjftW(»W2 4r«jo 

C<DffilEZtitc*y-tev bmtcmH>XTJ-u?AJj& 

A/D^$n^o taj:^)^, *y*Lv bmmmmEEo 

XMt. T^U^A^B^gPl 4^rgfiLr, A/D^ 
>^-£ 1 6CcrA/D^^n, v^3>gpi 8±CC 

[0 06 0] *rc, t r n ^Az? < mmojmm^^ 
^ciWotA/D^^h, ^^^>gpi8±ccgx 
so 9&sn£o ^tr, v^ 3 >i8w y Whiter 
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Ti-u>/xt>*>h*7*v mtnm&stix a/die 

SB*16*STPC • CPU§asH2 8ffiKi£6ft4. 
[0 06 1 ] J£Lblft9JL/fc«J:5tc. jU6©0fiS3r«. 
T i- a 9- 4 2 (C <fc K> & * +• > * ;U <T i (C * 7 -fe 

[0062] 

/D^&gatcifttf. gS&A#£&&Gfc?cfflli&:*7 
■5. 

[0063] o#OHW{C^SA/D^fe$|g{Cj:n 

[0064] og^^fC&S A/D^&£iaK:<fc*l 
iaK#tt^©a»^iBffl^SP 0 a a* T ± a ^A*H18S 

[0065] of©^iC§5A/D^gI«: < t:n 
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I o o e e ] r>%<omi<<cmz A/Dass^atcin 

^^>fflaiSm£E©A/D^fiir^nyA^7<D 
A/D^fit^rftliESP-Clt^-rSCiJCiO^ A/D 
^jWIEL < Vft>tiX t^*>S*>CDi»|S|^tb*^*>o 
iEfilfC^WT S C <!: j&s-C t 

[0067] o^©#&l8(C<*£A/Dg&JSgK:«t:n 
[0 1 ] C<D^Bj©HJfi©0is i A/D^&& 

aofiWE^-r^n » *0-r*s. 

[02] lttfi©?KSgl«:^S + 7-b^ f-ffi, 
<Dg&Z8tWr ZMM-C*> S„ 

[03] gfir^f fcCc J: S * 7 -fe * h ^McDffiiE*giW 
T£i£0-e&*. 

[04] c<omi<D9m<DBt&2icmzA/D%mm 
20 go^^-r^Of^s-c^-So 

[05] C©^©||jgcr)0S3{C^A/D^^ 
[06] «(C*5tf5A/D^g©«^*t7' 

o •> ^0-r*i. 

io a/d^&£ib. 12 r^ci^v^^^ui7 

14 T^n^A^lsISSgP. 16 A/Dn>^- 
18 v-T *n • =3>f*-^gB (v-<3>gp) , 
19 T7-A, 20 hfflgm^JEglJ, 2.2 

30 tr4>mmamEE$i. 24 Magmas. 42 
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(57) [Abstract] 

[Problem] To prevent the accuracy of A/D conversion from being deteriorated 
due to a temperature change or a secular change in an analog input circuit. 
[Solution] A control switch section 24 controls an analog multiplexer 12 to 
periodically select an offset-use reference voltage from an offset-use reference 
voltage section 20 or a gain-use reference voltage from a gain-use reference 
voltage section 22. The selected reference voltage is A/D-converted by an 
A/D converter via an analog input circuit section 14, and the resulting signal 
is received by a microcomputer section 18, where the signal is stored as an 
offset value and a gain value. The analog input is also received by the 
microcomputer section 1 8 via a similar path. The received signal is 
converted with software on the basis of the offset value and the gain value 
stored in the microcomputer section 18. Thus, an error in A/D conversion 
due to a temperature change or the like is corrected, and the accuracy of A/D 
conversion is improved. 
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[Claims] 
[Claim 1] 

An A/D conversion device comprising: 

an offset-use reference voltage section that shorts a differential input 
to generate an offset-use reference voltage; 

an analog multiplexer that selects an analog input or the offset-use 
reference voltage; 

an analog input circuit section that appropriately processes an analog 
input signal inputted from the analog multiplexer; 

an A/D conversion section that converts the analog signal outputted 
from the analog input circuit section into a digital signal; 

a control switch section that conducts input switch control of the 
analog multiplexer to periodically receive the analog input and the offset-use 
reference voltage; and 

a correction section that corrects an offset value by updating, every 
constant period, an A/D conversion value obtained as a result of the A/D 
conversion section converting the analog input and the offset-use reference 
voltage periodically received by the control switch section. 
[Claim 2] 

The A/D conversion device of claim 1, wherein 
the analog input inputted to the analog multiplexer comprises plural 
channels, 

the A/D conversion device includes a switch section that conducts 
switching of the offset-use reference voltage and the analog input per channel, 
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and the control switch section conducts switch control of the switch 
section to automatically conduct correction of the offset value. 
[Claim 3] 

The A/D conversion device of claim 1, further comprising a gain-use 
reference voltage section that generates a gain-use reference voltage, wherein 

the analog multiplexer switches the analog input, the offset-use 
reference voltage input and the gain-use reference voltage input, 

the control switch section conducts input switch control of the analog 
multiplexer and periodically receives the analog input, the offset-use 
reference voltage and the gain-use reference voltage, and 

the correction section corrects the offset value and the gain value by 
updating, every constant period, A/D conversion values obtained as a result of 
the A/D conversion section converting the analog input, the offset-use 
reference voltage and the gain-use reference voltage periodically received by 
the control switch section. 
[Claim 4] 

The A/D conversion device of claim 1 , wherein 

the analog input circuit section makes the analog input range 

switchable to vary the gain, and 

the correction section is configured to correct the offset value and the 

gain value in accordance with the analog input switched by the analog input 

circuit section. 

[Claim 5] 

The A/D conversion device of claim 3 or 4, further comprising a 
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failure detection section that conducts failure detection of the device on the 
basis of the result of a comparison of the A/D conversion value of the 
gain-use reference voltage and the A/D conversion value of the analog input. 
[Claim 6] 

The A/D conversion device of claim 5, further comprising notifying 
means that provides notification of the fact that the device has failed when the 
result of the comparison by the failure detection section of the A/D 
conversion value of the gain-use reference voltage and the A/D conversion 
value of the analog input exceeds a predetermined accuracy range. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an A/D conversion device, and in 
particular to an A/D conversion device that converts plural analog inputs into 
digital values using an analog multiplexer and an A/D conversion section. 
[0002] 
[Prior Art] 

Conventionally, digital processing is conducted when numerous signal 
input circuits and relay output circuits are prepared and a programmable 
controller (called a "PC" below) that determines the method of controlling 
these with a program is used. Thus, when an analog input is received, an 
A/D (analog/digital) conversion device is needed to convert the analog signal 
to a digital signal. 
[0003] 
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FIG. 6 is a block diagram showing the system configuration of an A/D 
conversion device 50 of a conventional PC. In this A/D conversion device 
50, offset adjustment and gain adjustment have been conducted using an 
offset adjustment-use switch 58 and a gain adjustment-use switch 60. 
[0004] 

The A/D conversion device 50 in FIG 6 is configured by: an analog 
multiplexer 51 that can switch between plural analog inputs; an analog input 
terminal 52 comprising plural n-channels (CHI to CHn) inputted to the 
analog multiplexer 5 1 ; an offset/gain voltage input terminal 53 that inputs an 
offset voltage or a gain voltage with respect to the analog input terminal 52 of 
each channel; an analog input circuit section 54 that appropriately processes 
the analog input signal; an A/D converter 56 that A/D-converts the analog 
output from the analog input circuit section 54 to a digital signal; a 
microcomputer section (abbreviated below as "MC section") 62 that stores 
the software-conversion value by switching on or switching off the offset 
adjustment-use switch 58 or the gain adjustment-use switch 60 and uses that 
value as a reference to convert the analog input value to a digital value; and a 
control switch section 64 that conducts switch control of the analog input of 
the analog multiplexer 51. 
[0005] 

The digital data A/D-converted by the A/D conversion device 50 are 
sent to a PC/CPU device 68 via a data transceiver section 66, and digital 
processing is administered thereto. 
[0006] 
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In the conventional A/D conversion device 50, an optional offset 
voltage or gain voltage inputted from the offset/gain voltage input terminals 
53 when the system is launched is inputted to each channel while the analog 
multiplexer 5 1 is switched with the control switch section 64, and the offset 
adjustment-use switch 58 or the gain adjustment-use switch 60 is switched 
ON/OFF, whereby the conversion value is stored with software in the MC 
section 62 and the analog signal value is converted to a digital value on the 
basis of the stored conversion value. 
[0007] 

[Problems that the Invention is to Solve] 

Conventional A/D conversion devices have been configured as 
described above, but they have the following problems. 
[0008] 

Namely, the offset voltage or gain voltage inputted from the once-set 
offset/gain voltage input terminal 53 is always stored at a constant value 
regardless of temperature changes or secular changes. Thus, in order to 
improve the temperature characteristics of the A/D conversion device 50, it is 
necessary to use numerous expensive parts with good temperature 
characteristics, particularly for the analog input circuit section 54, and there 
has been the drawback that the manufacturing costs increase. 
[0009] 

Also, when the analog input range of the analog input circuit section 
54 is made variable and the device is configured so that the gain is changeable, 
it has been necessary to conduct offset adjustment and gain adjustment each 



6 



time the gain is changed, which is troublesome. 
[0010] 

Moreover, the conventional example described above has not been 
disposed with the function of detecting failure of the A/D conversion device. 
Thus, when checking to see whether or not the A/D conversion device has 
failed, there has been the drawback that it is necessary to connect a constant 
voltage supply with respect to questionable input channels to confirm whether 
the A/D conversion value is appropriate, which takes time and effort. 
[0011] 

The present invention has been made in view of the drawbacks that 
the prior art has, and it is a first object thereof to obtain an A/D conversion 
device whose A/D conversion accuracy is high and which is not easily 
affected by temperature changes or secular changes, even if expensive parts 
with good temperature characteristics are not used for the analog input circuit 
section. 
[0012] 

It is a second object of the invention to obtain an A/D conversion 
device where offset adjustment and gain adjustment are automatically 
conducted even if the gain of the analog input circuit section is changed. 
[0013] 

It is a third object of the invention to obtain an A/D conversion device 
disposed with a failure detection function that can easily detect whether or not 
A/D conversion is being properly conducted. 
[0014] 
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[Means for Solving the Problems] 

In order to achieve these objects, an A/D conversion device pertaining 
to this invention comprises: an offset-use reference voltage section that shorts 
a differential input to generate an offset-use reference voltage; an analog 
multiplexer that selects an analog input or the offset-use reference voltage; an 
analog input circuit section that appropriately processes an analog input signal 
inputted from the analog multiplexer; an A/D conversion section that converts 
the analog signal outputted from the analog input circuit section into a digital 
signal; a control switch section that conducts input switch control of the 
analog multiplexer to periodically receive the analog input and the offset-use 
reference voltage; and a correction section that corrects an offset value by 
updating, every constant period, an A/D conversion value obtained as a result 
of the A/D conversion section converting the analog input and the offset-use 
reference voltage periodically received by the control switch section. 
[0015] 

According to this invention, the offset-use reference voltage section 
shorting the differential input generates the offset-use reference voltage, input 
switch control of the analog multiplexer is conducted by the control switch 
section, the analog input and the offset-use reference voltage are switched and 
outputted to the analog input circuit section, and the analog signal outputted 
from the analog input circuit section is converted to a digital signal by the 
A/D conversion section. Also, the correction section updates and corrects the 
offset value every constant period on the basis of the A/D conversion value 
obtained by the analog input and the offset-use reference voitage being 
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periodically received and A/D-converted by the A/D conversion section by 
the control switch section. For this reason, offset error resulting from a 
temperature change or the like can be automatically adjusted using an 
inexpensive offset-use reference voltage shorting the differential input and 
without using a sequence program. Thus, high A/D conversion accuracy that 
is not easily affected by a temperature change or a secular change can be 
obtained. 
[0016] 

In another A/D conversion device pertaining to the invention, the 
analog input inputted to the analog multiplexer comprises plural channels, the 
A/D conversion device includes a switch section that conducts switching of 
the offset-use reference voltage and the analog input per channel, and the 
control switch section conducts switch control of the switch section to 
automatically conduct correction of the offset value. 
[0017] 

According to this invention, the analog multiplexer has analog inputs 
of plural channels, switch control of the offset-use reference voltage and the 
analog input is conducted per channel by the switch section, and the offset 
value is automatically corrected. For this reason, the offset-use reference 
voltage is directly added to the analog input actually used, whereby error 
resulting from a difference in the input path can be eliminated. 
[0018] 

In another A/D conversion device pertaining to the invention, the 
device further comprises a gain-use reference voltage section that generates a 
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gain-use reference voltage, wherein the analog multiplexer switches the 
analog input, the offset-use reference voltage input and the gain-use reference 
voltage input, the control switch section conducts input switch control of the 
analog multiplexer and periodically receives the analog input, the offset-use 
reference voltage and the gain-use reference voltage, and the correction 
section corrects the offset value and the gain value by updating, every 
constant period, A/D conversion values obtained as a result of the A/D 
conversion section converting the analog input, the offset-use reference 
voltage and the gain-use reference voltage periodically received by the control 
switch section. 
[0019] 

According to this invention, the device further comprises the gain-use 
reference voltage section that generates the gain-use reference voltage, the 
analog input, the offset-use reference voltage and the gain-use reference 
voltage inputted to the analog multiplexer are periodically changed by the 
control switch section, and the offset value and the gain value are updated and 
corrected every constant period on the basis of the A/D conversion value 
converted by the A/D conversion section. For this reason, it becomes 
difficult for temperature changes to affect the accuracy of A/D conversion, 
even if expensive parts with good temperature characteristics are not used for 
the analog input circuit section. Also, because the offset value and the gain 
value are automatically updated every constant period, secular changes can be 
prevented. Moreover, because the internal offset-use reference voltage 
section and the gain-use reference voltage section are used, offset adjustment 
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and gain adjustment at the time the device is launched become unnecessary. 
[0020] 

In another A/D conversion device pertaining to the invention, the 
analog input circuit section makes the analog input range switchable to vary 
the gain, and the correction section is configured to correct the offset value 
and the gain value in accordance with the analog input switched by the analog 
input circuit section. 
[0021] 

According to this invention, when the analog input range of the analog 
input circuit section is switched to change the gain, the offset value and the 
gain value are corrected in accordance with the changed analog input range. 
In this manner, even when the analog input range of the analog input circuit 
section is switched to change the gain, offset adjustment and gain adjustment 
can be automatically done with the software. 
[0022] 

In another A/D conversion device pertaining to the invention, the 
device further comprises a failure detection section that conducts failure 
detection of the device on the basis of the result of a comparison of the A/D 
conversion value of the gain-use reference voltage and the A/D conversion 
value of the analog input. 
[0023] 

According to this invention, failure detection as to whether or not A/D 
conversion is being conducted properly is conducted by comparing the A/D 
conversion value of the gain-use reference voltage and the A/D conversion 
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value of the analog input with the failure detection section, so that failure can 

be detected easily and accurately. 

[0024] 

In another A/D conversion device pertaining to the invention, the 
device further comprises notifying means that provides notification of the fact 
that the device has failed when the result of the comparison by the failure 
detection section of the A/D conversion value of the gain-use reference 
voltage and the A/D conversion value of the analog input exceeds a 
predetermined accuracy range. 
[0025] 

According to this invention, the occurrence of failure is detected by 
whether or not the result of the comparison by the failure detection section of 
the A/D conversion value of the gain-use reference voltage and the A/D 
conversion value of the analog input exceeds the predetermined accuracy 
range, and when there is a failure, the operator is notified of the device failure 
by the notifying means. For this reason, it can be easily determined whether 
or not there is a failure. 
[0026] 

[Embodiments of the Invention] 

Embodiments of the A/D conversion device pertaining to this 
invention will be described in detail below on the basis of the drawings. 
[0027] 

(First Embodiment) 

FIG. 1 is a block diagram showing the configuration of an A/D 
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conversion device 10 pertaining to a first embodiment FIG 2 is a line 
diagram describing the conversion of an offset value and a gain value 
pertaining to the first embodiment. FIG 3 is a line diagram describing the 
correction of offset error resulting from a temperature change. The A/D 
conversion device 10 pertaining to the first embodiment is implemented as an 
A/D conversion device that receives plural analog inputs, sends a digital value 
obtained by A/D-converting the analog input to a PC/CPU device 28, and 
processes the digital value. 
[0028] 

The A/D conversion device 10 includes: an analog multiplexer 12 that 
conducts switching of plural analog inputs and reference voltage inputs; an 
analog input terminal 13 comprising plural channels (CHI to CHn) inputted 
to the analog multiplexer 12; an analog input circuit section 14 that 
appropriately processes the analog input signal switched by the analog 
multiplexer 12; an A/D converter 16 serving as an A/D conversion section 
that converts the analog signal outputted from the analog input circuit section 
14 to a digital signal; and a microcomputer section (called "MC section" 
below) 18 serving as a correction section that corrects the offset value or the 
gain value by periodically executing offset adjustment or gain adjustment on 
the basis of the digital signal A/D-converted by the A/D converter 16, or 
serving as a failure detection section that conducts failure detection of the 
A/D conversion device on the basis of the result of a comparison of the A/D 
conversion value of a gain-use reference voltage and the A/D conversion 
value of the analog input. 
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[0029] 

The A/D conversion device 10 is also disposed with: an alarm 19 
serving as notifying means that issues an alarm signal to provide a warning 
when the MC section 1 8 compares the respective A/D conversion values of 
the gain-use reference voltage inputted from a gain-use reference voltage 
section 22 described later and the analog input inputted from the analog input 
terminal 13 and the result of that comparison exceeds a predetermined 
accuracy range; an offset-use reference voltage section 20 that shorts a 
differential input to generate an offset-use reference voltage (0 V); and a 
gain-use reference voltage section 22 that generates a gain adjustment-use 
reference voltage. Here, a device with good temperature characteristics and 
good accuracy is used for the gain-use reference voltage section 22. 
[0030] 

The A/D conversion device 1 0 is also disposed with a control switch 
section 24 that controls the input switching of the analog multiplexer 12 with 
the software of the MC section 1 8 and receives the analog input, the gain-use 
reference voltage and the offset-use reference voltage every constant period. 
It is preferable for the intervals in which the analog input, the gain-use 
reference voltage and the offset-use reference voltage are received by the 
control switch section 24 to be intervals necessarily sufficient in order to 
ensure high A/D conversion accuracy without being affected by temperature 
changes, by following a temperature change if there is a temperature change 
midway and correcting the offset value and the gain value. 
[0031] 



14 



Next, the operation of converting the offset value and the gain value 
will be described using FIGS. 1 to 3, 
[0032] 

The offset-use reference voltage inputted from the offset-use reference 
voltage section 20 and the gain-use reference voltage inputted from the 
gain-use reference voltage section 22 to the analog multiplexer 12 of FIG 1 
are A/D-converted by the A/D converter 1 6 via the analog input circuit 
section 14. As shown in FIG 2, these are converted to an offset value a and a 
gain value b on the basis of the offset-use reference voltage and the gain-use 
reference voltage serving as the input voltage (V) inputted to the A/D 
converter 16, and are received by the MC section 18 and stored as an offset 
value or a gain value. 
[0033] 

The analog input inputted from the analog input terminals 13 are 
A/D-converted via a similar path, stored in the MC section 18, and converted 
by the software on the basis of the aforementioned offset value and gain 
value. 
[0034] 

The offset value a and the gain value b converted by the A/D converter 
16 change due to a temperature change or the like. For this reason, as shown 
in FIG 2, the offset value a is converted to 0 and the gain value is converted 
to 1000 by the software every set period of time, for example, and the 
offset-use reference voltage is always converted to 0 and the gain-use 
reference voltage is always converted to 1000 regardless of variations in the 
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offset value a and the gain value b. Also, the analog input is calculated and 

converted on the basis of the offset value a and the gain value b. 

[0035] 

For example, the offset-use reference voltage section 20 shorts the 
differential input so that the differential input voltage (offset-use reference 
voltage) becomes 0 V. Because a differential input analog multiplexer IC 
that is substantially identical to the analog input channel is used for the 
differential input, the differential input can be considered to pass through the 
same path as the analog input, and the conversion value of the A/D converter 
16 of 0 V input is affected by temperature changes similar to the A/D 
conversion value of the analog input. 
[0038] 

Thus, a measurement value Y can be calculated by the following 
expression (1), assuming that a represents the conversion value of the A/D 
converter 16 of 0 V input that is the offset-use reference voltage, G represents 
the gain on the software at the time of the factory shipment setting (where G 
is constant), and X represents the conversion value of the A/D converter 1 6 of 
the analog input voltage. 
[0037] 

Measurement value Y (digital value) = G • (X-a) • - • (1) 

[0038] 

By regularly updating the conversion value a of the A/D converter 16 
using expression (1), offset error due to a temperature change can be 
corrected. Namely, when 0 V, which is the offset-use reference voltage, is 
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being inputted, the measurement value always becomes the digital value 0. 
[0039] 

Looking at this with FIG. 3, which shows the relationship between the 
conversion value of the A/D converter and the conversion value on the 
software resulting from a temperature change, a represents the A/D converter 
conversion value of the line Gl when there is no temperature change in the 0 
V of the offset value, a' represents the conversion value of the A/D converter 
of the line G2 when it has been affected by a temperature change, X 
represents the conversion value of the A/D converter 16 of the line Gl when 
there is no temperature change in the analog input, and X 5 represents the 
conversion value of the A/D converter of the line G2 when it has been 
affected by a temperature change. 
[0040] 

Here, as described above, it will be assumed that the gain G on the 
software is not affected by temperature changes (the orientation of the line of 
FIG. 3 does not change), and X can be corrected to X' by correcting a to a'. 
Thus, it can be ensured that the measurement value Y is not changed. In this 
manner, in the first embodiment, offset error resulting from a temperature 
change is processed by the software, whereby the offset value can be 
corrected so that it is not affected by a temperature change. It will be noted 
that the data converted by the A/D conversion device 10 are sent to the 
PC/CPU device 28 via a data transceiver section 26. 
[0041] 

In the first embodiment, a case was described where the input range of 
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the analog input circuit section 14 was fixed, but the analog input range may 
be of a switchable format to make the gain of the analog input circuit section 
14 variable. In thi s manner, in the first embodiment, even if the gain of the 
analog input circuit section 14 is made variable, offset adjustment and gain 
adjustment can be conducted by the software as described above. Thus, 
offset adjustment and gain adjustment can be conducted automatically in 
accordance with the switching of the analog input range. 
[0042] 

It also becomes possible for the value obtained as a result of the A/D 
converter 16 A/D converting the gain-use reference voltage of the gain-use 
reference voltage section 22 to be received by the MC section 1 8 by 
conducting control with the software as described above, and the failure 
detection function that determines whether or not A/D conversion value is 
normal can be given by causing the gain value to be displayed similar to the 
analog inputs. 
[0043] 

Moreover, with respect to the failure detection function, in the MC 
section 18, control is conducted with the software to receive the value 
obtained by A/D-converting the gain-use reference voltage, and it is 
determined with the software whether or not the A/D conversion value 
exceeds the predetermined accuracy range including temperature changes and 
secular changes, so that if the A/D conversion value exceeds the 
predetermined accuracy range, the operator can be notified of the fact that the 
A/D conversion device iO has failed by sending the alarm signal to the alarm 
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19 to give warning. 
[0044] 

As described above, according to the first embodiment, the accuracy 
of A/D conversion can be prevented from being deteriorated due to a 
temperature change or a secular change, even if expensive parts with good 
temperature characteristics are not used for the analog input circuit section. 
[0045] 

Also, the time and effort of offset adjustment and gain adjustment at 
the time the device is launched as conventionally has been the case can be 
omitted, and even if the analog input range of the analog input circuit section 
is switched to change the gain, offset adjustment and gain adjustment can be 
automatically conducted by the software, whereby proper A/D conversion 
accuracy can always be maintained. 
[0046] 

Moreover, failure detection as to whether or not A/D conversion is 
being conducted normally can be easily and accurately detected by comparing 
the A/D conversion value of the gain-use reference voltage with the A/D 
conversion value of the analog input, and the operator can be reliably notified 
of the occurrence of failure with the notifying means. 
[0047] 

(Second Embodiment) 

Next, a second embodiment of this invention will be described on the 
basis of FIG 4. Here, the same reference numerals will be given to 
constituent portions that are the same as or similar to those in the first 
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embodiment, and description thereof will be simplified or omitted. 
[0048] 

FIG 4 is a block diagram showing the configuration of an A/D 
conversion device 30 pertaining to the second embodiment. The A/D 
conversion device 30 of the second embodiment also receives an analog input 
and sends an A/D-con verted digital value to the PC/CPU device 28. 
[0049] 

The characteristic of the A/D conversion device 30 pertaining to the 
second embodiment is that, in comparison to the first embodiment, the 
offset-use reference voltage section 20 generates the offset-use reference 
voltage due to the reference voltage inputted to the analog multiplexer 12 
shorting the differential input, and the gain-use reference voltage section 22 is 
not disposed. For this reason, the control switch section 24 of the second 
embodiment shown in FIG. 4 controls the input switching of the analog 
multiplexer 12 with the software of the MC section 18 and receives the analog 
input and the offset-use reference voltage every constant period, 
[0050] 

Next, the operation of the second embodiment will be described. The 
basic operation in the second embodiment is substantially the same as that of 
the preceding first embodiment, but in the case of the second embodiment, the 
offset-use reference voltage is inputted to the analog multiplexer 12 from the 
offset-use reference voltage section 20, A/D-converted by the A/D converter 
16 via the analog input circuit section 14, received by the MC section 18, and 
stored as the offset value. The analog input inputted from the analog input 
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terminal 13 is also A/D-converted via a similar path and received by the MC 

section 18. 

[0051] 

The offset value and the conversion value of the analog inputs are 
received by the MC section 18 by switch-controlling the analog multiplexer 
12 every constant period with the control switch section 24. The MC section 
1 8 corrects the offset value with the software by subtracting the offset value 
from the analog input, whereby the analog signal can be accurately converted 
to a digital signal that is not affected by a temperature change or the like. In 
this manner, the digital data obtained by A/D-converting the analog input with 
the software using the offset-use reference voltage pass through the data 
transceiver section 26 and are sent to the PC/CPU device 28. 
[0052] 

As described above, in the second embodiment, the offset-use 
reference voltage is used as the reference voltage to correct the analog input 
with the software, whereby A/D conversion processing can be accurately 
conducted without being affected by a temperature change or the like. Also, 
in the case of the second embodiment, similar to the first embodiment, 
because offset error is periodically automatically adjusted, high A/D 
conversion accuracy that is not easily affected by affects by a temperature 
change or a secular change can be obtained. Moreover, in the second 
embodiment, the device can be configured inexpensively because it is not 
necessary to use an expensive, highly accurate gain-use reference voltage 
with good temperature characteristics. 
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[0053] 

In the case of the second embodiment, similar to the first embodiment, 
it is preferable for the offset-use reference voltage to be received every 
necessarily sufficient interval in consideration of temperature changes and the 
like. 
[0054] 

(Third Embodiment) 

Next, a third embodiment of this invention will be described on the 
basis of FIG. 5. Here, the same reference numerals will be given to 
constituent portions that are the same as or similar to those in the first 
embodiment, and description thereof will be simplified or omitted. 
[0055] 

FIG. 4 is a block diagram showing the configuration of an A/D 
conversion device 40 pertaining to the third embodiment. The A/D 
conversion device 40 of the third embodiment also receives an analog input 
and sends an A/D-converted digital value to the PC/CPU device 28. 
[0056] 

The characteristic of the A/D conversion device 40 pertaining to the 
third embodiment is that, in comparison to the first embodiment, the 
differential input is shorted to generate the offset-use reference voltage, and 
an analog switch 42 serving as a switch section that switches the analog input 
per channel is disposed. The control switch section 24 switch-controls the 
analog switch 42, whereby the offset-use reference voltage is periodically 
received and the offset value is periodically corrected in the MC section 18. 
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[0057] 

Namely, the third embodiment is different from the second 
embodiment in that the offset-use reference voltage is inputted using the 
analog switch 42 with respect to the analog input of each channel actually 
used. 
[0058] 

Next, the operation of the third embodiment will be described. The 
basic operation in the third embodiment is substantially the same as that of the 
preceding first embodiment, but in the case of the third embodiment, the 
offset-use reference voltage and the analog input are switched and received by 
the analog switch 42 every constant period, A/D-converted by the A/D 
converter 16, and received by the MC section 18. 
[0059] 

Additionally, in the MC section 18, control is done with the software 
so that switch control is conducted by the switch control section 24 every 
necessarily sufficient interval in consideration of temperature changes or the 
like, the offset value is corrected with the software every constant period, and 
the analog input is A/D-converted on the basis of the corrected offset value. 
Namely, the input of the offset-use reference voltage is A/D-converted by the 
A/D converter 16 via the analog input circuit section 14, received by the MC 
section 18, and stored as the offset value. 
[0060] 

The analog input is also A/D-converted by passing through exactly the 
same path and received by the MC section 1 8. Additionally, in the MC 1 8, 
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the offset value is added-subtracted from the analog input with the software 
and A/D-converted. The converted digital data are sent to the PC/CPU 
device 28 via the data transceiver section 16. 
[0061] 

As described above, in the third embodiment, the offset-use reference 
voltage and the analog input are switch-controlled per channel by the analog 
switch 42, and when the offset value is automatically corrected, it becomes 
possible to directly add the offset-use reference voltage to the analog input 
actually used, so that error resulting from a difference in the input path can be 
eliminated. 
[0062] 

[Effects of the Invention] 

As described above, according to the A/D conversion device 
pertaining to this invention, using an inexpensive offset-use reference voltage 
in which the differential input is shorted, it is possible to automatically adjust 
offset error resulting from temperature changes or the like without using a 
sequence program. Thus, high A/D conversion accuracy that is not easily 
affected by a temperature change or a secular change can be obtained. 
[0063] 

According to another A/D conversion device pertaining to the 
invention, the offset-use reference voltage can be directly added to the analog 
input actually used when the offset value is automatically corrected by 
switch-controlling the offset-use reference value and the analog input with the 
switch section. Thus, error resulting from a difference in the input path can 
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be eliminated. 
[0064] 

According to another A/D conversion device pertaining to the 
invention, deterioration in the accuracy of A/D conversion due to a 
temperature change or a secular change is eliminated even if expensive parts 
with good temperature characteristics are not used for the analog input circuit 
section, and the time and effort of offset adjustment and gain adjustment when 
the device is launched can be saved. 
[0065] 

According to another A/D conversion device pertaining to the 
invention, offset adjustment and gain adjustment can be automatically 
conducted with software even when the analog input range of the analog input 
circuit section is switched and the gain is changed. 
[0066] 

According to another A/D conversion device pertaining to the 
invention, failure detection as to whether or not A/D conversion is being 
conducted properly can be easily and accurately detected by comparing the 
A/D conversion value of the gain-use reference voltage and the A/D 
conversion value of the analog input with the correction section. 
[0067] 

According to another A/D conversion device pertaining to the 
invention, notification is provided of the occurrence of failure by the 
notifying means when failure is detected by the correction section. Thus, it 
can be easily be determined whether or not there is a failure. 
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[Brief Description of the Drawings] 

[FIG 1] A block diagram showing the configuration of an A/D conversion 
device pertaining to a first embodiment of the invention. 
[FIG 2] A line diagram describing the conversion of an offset value and a 
gain value pertaining to the first embodiment. 

[FIG 3] A line diagram describing the correction of offset error resulting from 
a temperature change. 

[FIG 4] A block diagram showing the configuration of an A/D conversion 

device pertaining to a second embodiment of the invention. 

[FIG 5] A block diagram showing the configuration of an A/D conversion 

device pertaining to a third embodiment of the invention. 

[FIG 6] A block diagram showing the configuration of a conventional A/D 

conversion device. 

[Description of Reference Numerals] 
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FIG 1 

12 ANALOG MULTIPLEXER 

14 ANALOG INPUT CIRCUIT SECTION 

16 A/D CONVERTER 

18 MC SECTION 
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FIG. 2 
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VARIES DUE TO AFFECT OF TEMPERATURE CHANGES, BUT 
BECOMES SAME MEASUREMENT VALUE Y. 

FIG. 4 

12 ANALOG MULTIPLEXER 

1 4 ANALOG INPUT CIRCUIT SECTION 

16 A/D CONVERTER 

18 MC SECTION 

24 CONTROL SWITCH SECTION 

26 DATA TRANSCEIVER SECTION 

28 PC/CPU DEVICE 

FIG. 5 

12 ANALOG MULTIPLEXER 

1 4 ANALOG INPUT CIRCUIT SECTION 

16 A/D CONVERTER 

18 MC SECTION 

24 CONTROL SWITCH SECTION 

26 DATA TRANSCEIVER SECTION 

28 PC/CPU DEVICE 

FIG. 6 

5 1 ANALOG MULTIPLEXER 

53 OFFSET/GAIN VOLTAGE INPUT TERMINAL 
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[Amendment] 

[Date Submitted] February 1, 2001 
[Amendment 1 ] 

[Amended Document] Specification 
[Amended Item] Paragraph 0006 
[Type of Amendment] Change 
[Amended Content] 
[0006] 

In the conventional A/D conversion device 50, an optional offset 
voltage or gain voltage inputted from the offset/gain voltage input terminals 
53 when the system is launched is inputted to each channel while the analog 
multiplex er 5 1 is switched with the control switch section 64, and the offset 
adjustment- use switch 58 or the gain adjustment-use switch 60 is switched 
ON/OFF, whereby the conversion value is stored with software in the MC 
section 62 and the analog signal value is converted to a digital value on the 
basis of the stored conversion value. 
[Amendment 2] 

[Amended Document] Specification 
[Amended Item] Paragraph 0052 
[Type of Amendment] Change 
[Amended Content] 
[0052] 

As described above, in the second embodiment, the offset-use 
reference voltage is used as the reference voltage to correct the analog input 
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with the software, whereby A/D conversion processing can be accurately 
conducted without being affected by a temperature change or the like. Also, 
in the case of the second embodiment, similar to the first embodiment, 
because offset error is periodically automatically adjusted, high A/D 
conversion accuracy that is not easily affected by a temperature change or a 
secular change can be obtained. Moreover, in the second embodiment, the 
device can be configured inexpensively because it is not necessary to use an 
expensive, highly accurate gain-use reference voltage with good temperature 
characteristics. 
[Amendment 3] 

[Amended Document] Specification 
[Amended Item] Paragraph 0060 
[Type of Amendment] Change 
[Amended Content] 

The analog input is also A/D-converted by passing through exactly the 
same path and received by the MC section 18. Additionally, in the MC 
section 18, the offset value is added-subtracted from the analog input with the 
software and A/D-converted. The converted digital data are sent to the 
PC/CPU device 28 via the data transceiver section 26. 
[Amendment 4] 

[Amended Document] Specification 
[Amended Item] Paragraph 0064 
[Type of Amendment] Change 
[Amended Content] 
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•1 



a 



According to another A/D conversion device pertaining to the 
invention, deterioration in the accuracy of A/D conversion due to a 
temperature change or a secular change is eliminated even if expensive parts 
with good temperature characteristics are not used for the analog input circuit 
section, and the time and effort of offset adjustment and gain adjustment when 
the device is launched can be saved. 
^ [Amendment 5] 

[Amended Document] Drawings 
[Amended Item] FIG. 6 
[Type of Amendment] Change 
[Amended Content] 
[FIG. 6] 

51 ANALOG MULTIPLEXER 

53 OFFSET/GAIN VOLTAGE INPUT TERMINAL 

54 ANALOG INPUT CIRCUIT SECTION 
56 A/D CONVERTER 
5 8 OFFSET ADJUSTMENT -USE SWITCH 
60 GAIN ADJUSTMENT -USE SWITCH 
62 MC SECTION 
64 CONTROL SWITCH SECTION 
66 DATA TRANSCEIVER SECTION 
68 PC/CPU DEVICE 
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